Genetically-encoded biosensors based on Förster/fluorescence resonance energy transfer (FRET) have been widely used to visualize spatio -temporal changes of signaling molecule activities, small molecule concentrations, and physical properties . Recent advances in the techniques for the stable expression and generation of transgenic mice are further widening the application of the FRET biosensors. However, even with an optimized backbone for the FRET biosensor, the development of a FRET biosensor for protein kinases is still a time -consuming pursuit, because many of the peptide sequences known to be phosphorylated by a given kinase do not reliably work in the context of a FRET biosensor. Here, the author attempted to develop a FRET biosensor for Rho-associated protein kinase (ROCK). ROCK is a serine-threonine protein kinase, which is a canonical downstream effector of the small GTPase RhoA. ROCK regulates the shape and movement of cells primarily by the control of the actin cytoskeleton by means of phosphorylation of a number of cytoskeleton-related molecules such as adducin, ezrin -radixin-moesin proteins, LIM kinase, myosin light chain (MLC) and MLC phosphatase. To solve th e aforementioned problem of the identification of a specific substrate pepti de, the applicant took advantage of kinase-interacting substrate screening (KISS) technology, which deduces a consensus substrate sequence for the protein kinase of interest. Basic properties of Eevee-ROCK were analyzed in HeLa cells expressing Eevee-ROCK. The FRET efficiency of the biosensor was increased by known stimulators of RhoA and ROCK, including epidermal growth factor (EGF), lysophosphatidic acid, and serum. The stimulant-dependent increase was abolished by ROCK inhibitors Y27632 and GSK429286. By treating HeLa cells with inhibitors or siRNAs against ROCK, the applicant showed that a substantial part of the basal FRET signal of Eevee-ROCK was derived from the activities of ROCK1 and ROCK2. To further characterize the properties of Eevee -ROCK, the biosensor was stably expressed in HeLa cells by Tol2-mediated gene transfer. With three-day timelapse imaging, activity changes of ROCK during cell division were examined. The applicant found that ROCK was rapidly re-activated concomitant with the spreading of cells on the culture dishes after cytokinesis, consistent with previous reports about the essential roles of ROCK in cell cycle progression. Furthermore, the author revealed a substantial activation of ROCK during apoptosis induced by TNF -α and cycloheximide. Taken together, the ROCK biosensor that the author developed in this study will pave the way for a better understanding of the role of ROCK in a physiological context. This work has also shown that the substrate peptides identified by the KISS technology serve as the specific peptide sequences for the development of FRET biosensors for protein kinases. 
